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Abstract : Both an α-amylase gene of Bacillus subtilis RSKK246 and a gene encoding β−glucanase from B. subtilis RSKK243 were
cloned and expressed in both E. coli XL1-Blue MRF and B. subtilis YB886 by using the vectors pUC18 and pUB110 respectively.
These genes were also cloned into the E. coli-yeast shuttle vectors pRS406 and pRS416 for transfer into the yeast Saccharomyces
cerevisiae. These constructs carrying α-amylase and β-glucanase, genes which were cloned into the pRS406 vector, were expressed
by integration into the yeast chromosome. These genes were also expressed in the yeast by autonomous replication of the ARS/CEN
plasmid pRS416. This work demonstrates that genes belonging to B. subtilis can replicate in both E. coli and in the yeast S.
cerevisiae.
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Maya Saccharomyces cerevisiae’yede Farkl› Genlerin Ekspresyonu
Özet : Bacillus subtilis RSKK246 ya ait α-amilaz ve B. subtilis RSKK243’e ait β−glukanaz enzimlerini kodlayan genler klonlanarak
E. coli XL1-Blue MRF ve B. subtilis YB886’da s›ras›yla pUC18 ve pUB110 vektörleri kullan›larak ekspres edildi. Bu genler E. colimaya shuttle vektörleri olan pRS406 ve pRS416’ya klonlanarak maya Saccharomyces cerevisiae’ye de transfer edildi. a-amilaz ve β−
glukanaz genlerini pRS406 vektöründe tafl›yan bu yap›lar maya kromozomuna entegre edilerek ekspres edildi. Bu genler ayr›ca
ARS/CEN bölgesi tafl›yan pRS416 replikasyon plasmidi ile mayada replike edilerek ekspres edildi. Bu çal›flma B. subtilis’e ait genlerin
E. coli ve maya S. cerevisiae’ye de enzim aktivitesini kaybetmeden ekspres olunabilece¤ini ispatlam›flt›r.
Anahtar Sözcükler : α-amilaz, β−glukanaz, Saccharomyces cerevisiae, Bacillus subtilis, gen klonlama

Introduction
Polysaccharides, including α-amylases and β−glucanases, are widely used in various industries such as the
starch industry, brewing, paper and textile manufacture,
baking and feed processing. The enzyme α-amylase (1,4α-D-glucan-glucanohydrolase; E.C.3.2.1.1) catalyzes the
endohydrolysis of 1,4-α-D-glucosidic linkages of starch
and related poly- and oligosaccharides and produces maltose and larger oligosaccharides (1). The second enzyme,
endo-cellulase (endo-1,4-β−glucanases; E.C.3.2.1.4),
most of which show, little activity toward crystalline cellulose, hydrolyze, amorphous cellulose and its soluble
derivatives such as CM-cellulose. Their action on amorphous cellulose is characterized by random cleavage of β−
glucosidic linkages. A set of enzymes with these activities
is found in plants and fungi as well as in bacteria (2).

The yeast Saccharomyces cerevisiae has a long history
of use in biotechnology such as beer and wine fermentation, and as a leavening agent to produce bread and associated products. This has provided a technological base
for large-scale fermentation and confidence that no
harmful pyrogens or toxic substances will contaminate
the product (3). It has also been reported that live S.
cerevisiae cells can be used as a probiotics for ruminant
animals to reduce oxygen in the rumen, thereby increasing milk yield by 7-8% (4,5,6). S. cerevisiae has a welldefined DNA transformation and secretory system and is
able to secrete biologically active enzymes into the culture
medium. It is, therefore, a very attractive system for the
production of industrial enzymes such as α-amylase,
xylanase and β−glucanase. The genes encoding such
enzymes have been cloned and expressed in yeast (7-17).
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We report here the cloning and expression of α-amylase
and β−glucanase genes of Bacillus subtilis RSKK in S.
cerevisiae. The novel yeasts producing either α-amylase
or β−glucanase may be used to supplement high-cellulose
poultry diets containing starch. Alternatively, these novel
yeast strains producing feed enzymes may be used for
ruminant feeding to reduce oxygen in the rumen by cell
respiration, and for reducing the viscosity of the feed in
the intestine by feed enzymes of yeast.

Materials and Methods
Plasmids, Strains and Growth Conditions
All the strains and plasmids used in this work were
purchased from Stratagene (USA). E. coli XL1 Blue MRF’
and JM109 were used as hosts for transformations and
plasmid propagation. S. cerevisiae YPH499 (ura3-52lys2801amber ade2-101ochre trp1-∆63 his3-∆200leu2-∆1)
were used for transformation of pRS406 integrative and
pRS416 replicative (ARS/CEN,AmpR,Ura-) shuttle vectors. Bacteria harbouring plasmids were grown in LuriaBertani medium supplemented with ampicillin (50µg/ml).
Yeast cells were grown vegetatively in YPD (1% yeast
extract, 2% peptone, 2% glucose, 2% agar) or in SD
medium (0.67% w/v yeast nitrogen base without amino
acids, 2% glucose, 2% agar) (18, 19).
Recombinant DNA Manipulations
pUC18 harbouring the β−glucanase gene of B. subtilis
RSKK243 was digested with BamH1 and then inserted
into the BamH1 cut E. coli-S. cerevisiae shuttle vector
pRS406 or pRS416. Similarly, pUC18 harbouring the αamylase gene of B. subtilis RSKK246 was also digested
with EcoR1 and the resulting DNA fragment (EcoR1EcoR1 α-amylase insert) was then ligated to the EcoR1
cut pRS406 or pRS416 vector. Plasmids were isolated
from E. coli cells carrying α-amylase and β−glucanase by
alkaline lysis (20) and used to electrotransform into the
S. cerevisiae cells to ampicilline (50 µg/ml) resistance
using an In Vitro-Gen electroporator and 0.2cm cuvette
according to manufacturer's instructions (800V, 100Ω,
50µF).
Enzyme and Protein Assays
α-Amylase-positive E. coli cells harbouring recombinant plasmids were selected on Lb−starch-agar (0.2%w/v
starch, 1.5% agar) by exposing the plates to iodine
vapour (21). E. coli colonies expressing β−glucanase
(CMCase) were detected on LB-Carboxymethylcellulose-
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Agar plates (0.1%w/v CMC, 1.5% Agar) by staining with
0.1 w/v Congo Red for 15 minutes followed by destaining with 1M NaCl for 15 minutes (22). For quantitave
assays, cell-free culture supernatant and substrate in
50mM Na-phosphate buffer, pH 7, were incubated
together at 37ºC. The reaction was then stopped by boiling for 10 minutes at 70ºC (23,24). Enzyme activity was
assessed colorimetrically by measuring the reducing sugars liberated using the dinitrosalicylic acid method (25).
The activity of 1U of enzyme was defined as the amount
of enzyme that liberated 1µmol of reducing sugar per
minute under the specified conditions using glucose as the
standard. Protein concentrations were estimated by the
method of Lowry et al. (26). Bovine serum albumin was
used as the standard.
Preparation of Cell-free Extracts
Yeast cells were grown in YPD medium at 30ºC,
overnight. Cell-free culture supernatant after centrifugation at 5000 rpm was collected and supernatant proteins
precipitated using equal volumes of 20%w/v TCA. The
mixture was incubated at room temperature overnight
before centrifugation at 5000 rpm for 10 minutes. Pellets were air-dried and dissolved in 1M Tris-Cl (pH 8.0)
(24).
Molecular Size Determination
Total proteins were electrophoresed through 12%
SDS-PAGE (27). These gels were developed with
Coomassie blue to visualize the proteins (27). 0.2% w/v
CMC and water soluble starch were incorporated into
SDS-PAGE for the detection of CMCase and α-amylase
activies in the gel respectively. For the denaturating gels,
enzyme activity was regained by eluting the SDS and β−
mercaptoethanol from the gel, prior to staining with
Congo Red or KI/I solutions (28,29).

Results and Discussion
The α-Amylase gene of Bacillus subtilis RSKK246 was
cloned and expressed in both E. coli XL1-Blue MRF and B.
subtilis YB886 by using pUC18 and pUB110 vectors
respectively (30,31). In this study, the ∝-amylase
RSKK246 gene was inserted into the E. coli-S. cerevisiae
shuttle vectors (pRS406 and pRS416) and then
expressed in the S. cerevisiae YPH499 strain. The shuttle
vectors used for expression in the yeast cells were the
yeast integrative vector pRS406 and the yeast replicative
vector pRS416 respectively (Fig. 1).
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Figure1.

E. coli-S. cerevisiae shuttle vectors pRS406 and pRS416.

The pRS416 shuttle vector can be replicated
autonomously in both in yeast and E. coli cells since it carries replication origins of both strains. In addition, the
ARS/CEN sequence on the vector ensures plasmid stability within the yeast cells. pRS406 was the same vector as
pRS416 except that yeast replication origin and ARS/CEN
sequence were absent in the vector pRS406. Therefore,
pRS406 cannot be replicated in the yeast and must be
integrated into the yeast chromosome for stable segregation (3).

Recombinant shuttle vectors harbouring either the αamylase gene or the β−glucanase gene were isolated one
by one from the related E. coli colonies and then used to
transform S. cerevisiae cells by electroporation. Recombinant yeast colonies harbouring pRS406α or pRS416α
were detected on SD-starch-agar plate by the iodine
staining procedure (Figure 2c). On the other hand, β−glucanase expressing yeast colonies harbouring pRS406b or
pRS416b were selected on a SD-CMC-agar plate by the
Congo Red staining procedure (Figure 2d). In order to
construct a novel yeast strain expressing both α-amylase
and β−glucanase activities, pRS406α followed by
pRS416 β−glucanase were co-transferred into the same
yeast colonies. It was observed that recombinant yeast
colonies harbouring both pRS406α and pRS416b
expressed both genes simultaneously.
The, α-amylase and β−glucanase genes encoding the
plasmids pRS406α and pRS406β were integrated into
the yeast genome as a result of genetic recombination
+
between the Ura gene of vector pRS406 and the Ura
gene of the S. cerevisiae YPH499 chromosome.
pRS416α and pRS416β were replicated autonomously.
The yeast replication origin renders the plasmid
autonomous replication in the yeast cell ARS/CEN
sequence, while ensuring a low copy number and segregational stability (3). Low copy number vectors were

The α-amylase RSKK246 gene located in the 2000bp
EcoR1-EcoR1 DNA insert was transferred from pUC18 to
both pRS406 and pRS416 to yield pRS406α and
pRS416α recombinant plasmids respectively. Recombinant E. coli cells harbouring either pRS406α or pRS416α
were then stained on LB-starch-agar plates with iodine
vapour. α-amylase-positive yeast colonies surrounded by
a clear halo were selected and studied in more detail (Figure 2a).
Ampicillin was omitted from all assay plates because
of its interaction with iodine to yield false-positives (32).
Another gene encoding β−glucanase from B. subtilis
RSKK243 was also cloned and expressed in E. coli and B.
subtilis YB886 using pUC18 and pUB110 vectors respectively. β−glucanase encoding the BamH1-BamH1 DNA
fragment was then transferred from pUB110 to pRS406
and pRS416 to create the recombinant plasmids
pRS406β and pRS416β respectively. Recombinant E. coli
colonies harbouring either pRS406β or pRS416β were
screened on a CMC-ampicillin agar plate by the Congo
Red staining procedure (Figure 2b).

Figure 2.

General appearance of recombinant E. coli and S. cerevisiae colonies. α-amylase (a) and b-glucanase (b) expressing
recombinant E. coli colonies were compared with nonrecombinant counterparts on the same plates. a-amylase (c)
and b-glucanase (d) expressing yeast colonies.
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deliberately chosen since high-level expression was undesirable in terms of the purpose of our probiotics development. Instead, intracellular production of the enzyme is
well-suited to low-cost production of yeast and enzymes
together. In addition, if the live yeast cells with their own
enzymes are fed the ruminant, they may be protected in
the rumen and released into the intestine upon digestion
of the yeast cell wall. Our attempts to isolate enzymes
from culture supernatant failed because of low enzyme
secretion. Other possible factors contributing to low

enzyme yield might be an unrecognized signal peptide of
bacterial enzymes in the yeast or glucose repression of
the gene which was under the control of LacZ promotor
(13,16,33,34). The new recombinant constructed in this
work, yeasts producing feed enzymes, may also be used
for poultry to supplement diets with both single-cell protein and feed enzymes. A recent report of ours also
demostrated that fish meal could be completely replaced
with the air-dried live yeast Saccharomyces cerevisiae in
broiler diets (35).
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